The current investigation examined the effects of a dual task execution, based on the shape of the base of support (BOS) and the task characteristics (i.e., dual or non-dual tasks), on the posture control, and how the interaction effects appear according to the combination of the two variables. METHODS A total of 22 young adults (11 males and 11 females) participated in the study. The participants were instructed to stand quietly based on the shape of their BOS (normal stance, semi-tandem, or tandem) on two left and right force plates. For the dual tasks, an inverse calculation in which the subjects quietly stated to the examiner three-digit numbers (between 300 and 900), after subtracting them by 7, was conducted. A two-way repeated measures ANOVA with two within factors was used. The dependent variables were set as the linear parameters (mean velocity (MV), RMS, and 95% ellipse sway area (CEA)), power frequency parameters (95% power frequency density (F95) and mean frequency (MF)), and complexity parameters (sample entropy (SampEn) and fractal dimension (FD)) of the center of pressure (COP) time series at each anteroposterior (AP) and mediolateral (ML) direction. RESULTS For the linear parameters, RMS_AP and CEA had an interaction effect on the shape of the BOS and the presence of dual tasks (p<.05). For the frequency parameters, F95_AP and MF_AP had an interaction effect on the shape of the BOS and the presence or absence of dual tasks (p<.05). For the nonlinear parameters, SampEn_AP and FD_AP had an interaction effect between the shape of the BOS and the task characteristics (p<.01). CONCLUSIONS Postural control during the intervention of a cognitive task is complicated based on the characteristics and difficulty of the task. The reduced movement of linear variables and the increased complexity and frequency variables when under unstable postural control (i.e., tandem standing) while simultaneously conducting dual tasks reflect the active and efficient stabilization strategies of young adults.
Introduction
Human motion is formed through the complex process of postural control combined with the joints and central nervous system, the sense organs, and biomechanical components [1] .
Postural control is a complex mechanism in which multiple sensory (visual, vestibular, and somatosensory) information Asian J Kinesiol 2019; 21(1): 14-24 · DOI: https://doi.org /10.15758/ajk.2019.21.1.14 and muscular activities act simultaneously [2] . Posture control is defined as the ability to maintain or restore the body's position in space with the goal of movement or balance [3] , which is seen as an inevitable process of movement [4] . In particular, a lack of posture controllability was identified as an important internal component of a fall risk [5] . There is evidence that the combination of several causes of postural control loss increases the risk of a fall. For example, damage to the proprioceptive or vestibular system dampens the stability 15 The Asian Journal of Kinesiology | 21.1.14 and equilibrium of the posture [6] and slows the response rate from external stimuli [7] . Damage to both the central nervous system and the peripheral nervous system [8] , along with leg weakness [9] , decreased the ability to achieve balance.
In addition, the shape and size of the BOS during postural control in biomechanical terms are known to influence one's balance ability [7] . In general, a method for effectively modifying the shape and size of the BOS is considered to be an important balancing strategy to ensure posture stability [10] . In a previous study evaluating the balance ability of static posture control for adults aged 30 years and older, Era et al. [11] reported that, when the shape of the BOS is in a polygon form and is out of left and right symmetrical balance, the posture stability in a static upright posture is lost.
Amiridis et al. [12] reported that a posture in which the two feet are vertically aligned in the anteroposterior direction (i.e., a tandem stance), as compared with a static upright posture in which the feet are symmetrical in the mediolateral direction (i.e., a normal stance), exhibits a larger COP displacement.
Therefore, as an important consideration in ensuring the stability of posture control, both the size and shape of the BOS should be considered as important factors [7] . These two factors are closely related to the dynamic stability found in complex motion control strategies [13] .
With regard to the effects of cognitive function on postural control, a dual-task paradigm has been applied, which requires cognitive function to evaluate the postural stability [4] .
Simultaneous work of the central nervous system is known to cause instability of posture control because the two tasks must compete or share a limited cognitive domain [14, 15] .
In a previous study by Granacher et al. [16] , the elderly show greater COP displacement for inverse calculations requiring more cognitive function, as compared to single tasks. In addition, Pellecchia [17] reported the greatest variation in the anteroposterior movement of a static standing posture during an inverted task when compared to a single task for young adults. This suggests that a dual task can be applied to assess in-depth the degree of prediction of falls, as well as the postural stability during complex daily activities, rather than using measurements conducted under a single task [18] .
There are two traditional models for dual tasks, namely, the limited attention model and the U-shape nonlinear interaction model [19] . For example, in the limited attention model, an easy secondary dual task may not affect the posture stability, but a difficult secondary dual task may do so owing to the split-attention effect (posture control and secondary task) when performing both tasks simultaneously [20] . In the U-shape model, an upright posture may be better or worse based on the nature of the secondary task. Performing an easy secondary task in an upright posture improves the posture control without focus on the posture stability. However, when cognitive tasks are difficult, attitude control consistent with a model of limited attention resources will be exacerbated [21] .
In general, a method for measuring the variability of the pressure center displacement, velocity, and area (95% ellipse area) in the forward, backward, and left and right directions is mainly used by a conventional COP analysis method as measured through the ground reaction force However, in recent studies, it was found that the inherent information characteristics (i.e., complexity) of the human control system are embedded in the fluctuations of the COP of the attitude control, as well as in a linear measurement method [22] [23] [24] . Zhou et al. [25] reported that, compared to traditional metrics, the degree of multi-dimensional complexity involved in standing postural changes (particularly in dual-working conditions) is a better predictor of future falls in the elderly.
In summary, in a static posture control measurement, instability in the sense of balance was shown according to the shape of the BOS, and in dual tasks requiring cognitive function, the change in postural fluctuation was larger when compared with a single task. The higher the level of difficulty one of the two tasks is, the lower the performance of the other task [26] . Dault et al. [27] reported that, as the posture becomes more difficult, the effect of the simultaneous cognitive function increases, and that, the greater the interventional demand, the greater the change in static postural control performance.
Recent research has shown that the greater the difficulty of the task in terms of interaction, the less the body sways (19) .
That is, different effects can be expected depending on the manner in which the two variables are combined. In particular, there is a significant possibility that the posture control will change according to the shape of the BOS, similar to a task 16 between the BOS and dual tasks, which can occur frequently in everyday life. In addition, there has been a limitation in judging whether existing studies have had an interactive effect related to dual tasks owing to the linear variable-based analysis method applied. Therefore, the purpose of this study is to clarify the effects of dual tasks and their characteristics on the balance ability using multiple analysis methods. We expected that a sway movement would be smaller in semi-tandem and tandem stances, which means that young adults concentrate more on postural control, which can potentially reduce the sway movements. Specifically, based on this expectation, the following hypotheses were made: (a) dual tasks will create less sway as the posture becomes uncomfortable (i.e., normal, semi-tandem, and tandem stances in order) owing to the concentration effect, and (b) dual tasks will affect the postural dynamics differently with more complex movement patterns as compared to single tasks.
Methods Subjects
Twenty-two young adults (11 males, 11 females) without mental or physical disorders for the past 6 months participated in this study. The number of subjects in the study was determined using the G power 3. Table 1 .
Measurements
In the study, two force plates (Accusway, AMTI, USA), a PC (Dell, USA), and a data acquisition system (PXIe-1078, NI, USA) with one PXIe 6363 card were used. Thirty seconds of data were collected at a 100 Hz sampling rate for each condition. The participants were randomly placed on the two 50 x 50 cm left and right force plates on the floor of the laboratory and asked to look up at a target fixed at the eye level 2.5 m ahead. They then performed the following tasks ( Figure 1 ). Measurements were taken under a single task using normal, semi-tandem, and tandem stances in order, while the subjects maintained a static upright posture for a total of 30 s [11, 28] . In general, a normal stance is the most stable form of static posture control [29] . In a semi-tandem stance, which is considered moderately difficult, one foot is ahead of the other, and a tandem stance, which is an in-line posture back to back, is considered the most challenging element in static posture control measurements owing to its unstable form [28, 29] .
During the dual tasks, the same protocol as above, along with the additional task of adding three randomly selected threedigit numbers (between 300 and 900) and subtracting by 7, was conducted [30] . The subjects cumulatively added the three numbers and thus could barely hear the experimenter, which avoided directly affecting their sense of physical balance.
Incorrectly calculated figures were not included. To avoid the influence of each condition on the BOS, the experiment was carried out randomly a total of six times, depending on the inclusion of the dual tasks. 
Data Analysis
For the independent variables, the shape of the BOS (i.e., normal, semi-tandem, and tandem stances), and the presence or absence of dual tasks, were both established.
For the dependent variables, the linear parameters (RMS, mean velocity (MV), and 95% ellipse area (CEA)), frequency parameters (95% power frequency (F95) and mean frequency (MF)), and nonlinear parameters (sample entropy (SampEn) and fractal dimension (FD)) were set in the anteroposterior and mediolateral directions [31] . In particular, the sample entropy is a representative nonlinear analysis of the same was conducted using the entropy concept [32] . To calculate the sample entropy, from the NCOP data, (N-m +1) vector sequences having m data are generated. Here, m represents the embedding dimension. The distance d (u (i), u (j)) between the i-th vector u (i) and j-th vector u (j) among the generated vector sequences is calculated. The probability that two or more different vectors exist is calculated using equation (1) .
The sample entropy (SampEn) is calculated by substituting into Eq. (2).
FD was proposed by Higuchi [33] . First, the data interval is represented by k new time-series data. That is, the COP data existing in k intervals starting from the m-th COP interval data are denoted as :
for m=1, 2,…, k.
In Eq. 
When k curve lengths are calculated using Eq. (4), a graph with ln (1/k) as the x-axis and ln (Lm (k)) as the y-axis is generated. In the generated graph, the best fit is obtained using the least squares method. After calculating the equation, we can calculate the FD by calculating its slope. In this study, k = 5 (1≤k≤6) is used. A large fractal dimension means that the structure of the signal is complex. All data were analyzed using Excel (Microsoft, Inc., USA) and MATLAB (R2018a) software.
A statistical analysis was conducted at a .05 significance level by performing a two-way repeated measures ANOVA with two within factors. When an interaction effect was found in the BOS type and dual tasks, a paired t-test was conducted, and all statistical processing was applied using SPSS (ver. 20).
(1) 
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Results
The two-way ANOVA results of the linear, owing to the concentration effect. The results showed that when the task was difficult, there was an effect of focusingon the posture control. However, this was more apparent when in a tandem stance. As a result of the analysis of linear variables, the more difficult the shape of the BOS, the larger the anteroposterior and mediolateral movements were, which is consistent with several previous studies [11, 12, 28] . These results show that a gradual change of the shape and size of the BOS according to the The purpose of this study was to determine how the interaction effect appears according to the combination of two variables (i.e., shape of the base of support and the presence of dual tasks).
Nonlinear parameters
First, we hypothesized that dual tasks would make the posture sway less as the posture became uncomfortable (i.e., in order of normal, semi-tandem, and tandem stances) were applied. In a previous study by Pellecchia [17] , three cognitive task conditions were presented (i.e., a number classification tasks, a number of list tasks, and an inverse calculation), and the difference in posture control was then examined. Of the randomly assigned three-digit numbers, when counting inversely, a larger anteroposterior movement was shown than the number sorting task. However, in this study, the differences between the RMS_ML, MV_ML, and MV_AP task variables were not clear. These results are likely to be due to differences in the task difficulty [16] . If the concurrent cognitive processing requirements are too low or too high, the postural control performance may improve or degrade [30] . For example, Riley et al. [35] reported that when performing numerical work on college students, the shaking of the static posture decreased as compared with low-level work. Therefore, this study suggests that there is a process of information integration between posture control and cognition and attention requirements that cannot be explained by a simple linear relationship depending on the task characteristics and difficulty [35] [36] [37] . In this study, we considered the interaction effect according to the difference in change of shape and the task characteristics of the BOS.
Interestingly, in the linear variables (RMS_AP and CEA), the range of anteroposterior movements was reduced only during a tandem stance when dual tasks were involved. These results show that the higher the concentration of attention demanded, the more the attitude control performance improves as the difficult posture progresses during a cognitive task [38] . The most effective posture control strategy seems to have been adopted when attempting to control small but active muscle nerves simultaneously and efficiently through the performance of two relatively difficult requirements. Changes in the neuromuscular control according to shape of the base of support were described by Amiridis et al. [12] . In the study, EMG equipment was attached to the muscle surface of the hip joint to confirm the muscle activation. As a difficult posture was performed, the reliance on the individual joints was increased. The elderly reported that they rely more on their hip muscles and took a stable postural control strategy. In contrast, young adults are known to concentrate on the neuromuscular control system, which promotes an ankle strategy rather than a hip strategy. This means that postural control strategies according to visually; in practice, however, this can be a stable and efficient strategy [10] . In addition, it is difficult to see that the risk of falling in a series of processes is increased because the interaction effect in the mediolateral direction is not shown, and the motion is small and complex only in the anteroposterior movements. In young adults, irregular shaking does not simply increase the risk of falling, but is rather a posture control strategy that strengthens the ankle joint to maintain proper tension in one direction as much as possible [7] . Therefore, healthy adults seem reduce the range of movements passively to maintain stable postural control when dual tasks are simultaneously performed under unstable postural control, although this takes a high concentration and active posture control strategy.
Study limitations
Although it was possible to limit the subjects to those of a similar age and educational level, it is difficult to say that the cognitive capacity between individuals has been completely controlled. In addition, although the subjects' fatigue was not reported, the repeated tests may have resulted in individual differences owing to fatigue, which could not be fully controlled. In addition, the use of a single instrument limited the analysis of each segment movement in detail. In future studies, the use of kinetic equipment such as electromyography (EMG) may help better understand the mechanism of muscle neural posture control, and thus the additional use of equipment should be attempted.
Conclusions
The conclusions of this study are as follows. 
